The parallel solution-phase synthesis of a new combinatorial library of 3-[4-(R1-coumarin-3-yl)-1,3-thiazol-2-ylcarbamoyl]propanoic acid amides 9 has been developed. The synthesis involves two steps: 1) the synthesis of core building blocks -3-[4-(coumarin-3-yl)-1,3-thiazol-2-ylcarbamoyl]propanoic acids, 6 -by the reaction of 3-(ω-bromacetyl)coumarins 1 with 3-amino(thioxo)methylcarbamoylpropanoic acid (5); 2) the synthesis of the corresponding 3-[4-(coumarin-3-yl)-1,3-thiazol-2-ylcarbamoyl]propanoic acids amides 9 using 1,1'-carbonyldimidazole as a coupling reagent. The advantages of the method compared to existing ones are discussed.
Introduction
2-Aminothiazole derivatives are widely used as pharmaceuticals. For example, Talipexol [1] and Pramipexole [2] with a 2-aminothiazole moiety are used as antiparkinsonian drugs and dopamine agonists; Tigemonam [3] is an antibacterial drug and Amthamine [4] is known as an antiasthmatic one. It is also known that heterocyclic compounds with free amino groups may exhibit teratogenic and mutagenic properties because of their ability to form non-covalent complexes with DNA [5, 6] . That is why 2-aminothiazole derivatives with an acylated amino group may be of interest as potentially less toxic drugs with a wide variety of pharmacological activities.
A number of publications have described the synthesis of 2-aminothiazoles, N-acylated with aliphatic [7 -11] , aromatic [7, 8, 10] and dicarboxylic acids [10, 12 -17] . The importance of such derivatives is due to their biological properties; for example, some of them show significant bacteriostatic [7] , tuberculostatic [8] , hypoglycemic, anti-inflammatory, diuretic and fungicidal activities [10] , and some of them are useful for treating of asthma [14] .
However, there are only a few publications describing syntheses of 3-(N-acyl-2-amino-1,3-thiazol-4-yl)coumarin derivatives. These papers described syntheses of N-acetyl-N-allylamino-4-thiazolylcoumarins [18] , N-chloroacetamido derivatives [19] , and N-benzoyl derivatives, which displayed significant analgesic and anti-inflammatory activity [20] . Some derivatives of N- [4- (R-coumarin-3-yl)-2-thiazolyl]oxamates possess antiallergic, antianaphylactic and antiarthritic activity [21] . 2-Amino-4-(coumarin-3-yl)thiazoles were also acylated with the cycloaddition product of methacrilic acid and anthracene [22] . These compounds are glucocorticoid receptor modulators which are useful in treating diabetes, inflammatory and immune diseases.
In spite of the above mentioned activities of the corresponding oxamates, their succinic analogues have not been synthesized, though they may possess a great pharmacological potential. The aim of this work was to develop a method and detailed procedures suitable for solution-phase parallel synthesis of a library of 3-[4-(R 1 -coumarin-3-yl)-1,3-thiazol-2-ylcarbamoyl]propanoic acid amides. 
Results and Discussion

3{1}
According to the first pathway (route i, Scheme 1), 2-amino-4-(coumarin-3-yl)thiazole 3{1} was obtained by reaction of 3-(ω-bromoacetyl)coumarine 1{1} with thiourea (2), then it was directly acylated with succinic anhydride (4) . Generally heterocyclic amines are acylated by succinic anhydride in ethyl acetate [16] , acetone [13] , benzene [13] or glacial acetic acid media. We performed this synthesis both in benzene and glacial acetic acid, obtaining 6{1} in yields of 48 and 52 %, respectively.
The second pathway (route ii, Scheme 1) involves synthesis of the intermediate 3-amino(thioxo)-methylcarbamoylpropanoic acid (5) , by the acylation of thiourea (2) with succinic anhydride (4) [24] . Then the reaction of 5 in boiling ethanol or acetic acid for 10 -25 minutes with 3-(ω-bromoacetyl)-R 1 -
In this case the reaction was carried out in solution to facilitate the interaction. The product 6{1} obtained by both methods found to be identical by m.p. and 1 H-NMR. However, the second route afforded compound 6{1} in better yield and purity, and it was thus used to prepare compounds 6{2-5} (Tables 1 and 2 ). Consequently the use of 3-amino(thioxo)methylcarbamoylpropanoic acid (5) (route ii, Scheme 1) for the synthesis of core building blocks, 3-[4-(R 1 -coumarin-3-yl)-1,3-thiazol-2-ylcarbamoyl]propanoic acids 6, has been found to be the preferable approach. Table 1 .
Physico
For the synthesis of amides of 3-[4-(R 1 -coumarin-3-yl)-1,3-thiazol-2-ylcarbamoyl]propanoic acids 9 several approaches were also developed (Scheme 2). 
8{1-24}
Earlier we had reported the synthesis of some amides of 3-[4-(coumarin-3-yl)-1,3-thiazol-2-ylcarbamoyl]propanoic acid starting from the methyl ester of 6{1} [25] . However, this method gave poor yields of the products (27 -42%), due to the possibility of re-amidation as a side reaction and formation of succinic acid diamide as a by-product.
We have more succesfully applied another two methods: one of them (route i, Scheme 2) involves utilization of 3-[4-(R 1 -coumarin-3-yl)-1,3-thiazolyl-2-N-pyrrolidin-2,5-diones 7 as key intermediates for synthesis of 9{1-3} [26] and the other one is the method using 1,1'-carbonyldimidazole as a coupling reagent (route ii, Scheme 2).
In accordance with the first method (route i, Scheme 2) the initial step is the synthesis of 3-
, which was performed by heating the corresponding acids 6 in acetic anhydride in the presence of sodium acetate. The pyrrolidindiones 7 were then treated in dioxane for 1-3 hours with a series of primary amines to form the corresponding amides 9{2, 3, 10, 14, 18, 22, 23, 26}. However, the heterogeneous conditions of this procedure and steric difficulties make this method unsuitable for the synthesis of the combinatorial library. According to the second method
yl)oxobutanamides 10{1-5}, which were generated in situ using 1,1'-carbonyldimidazole, were directly treated with corresponding amines 8{1-24}. The reaction was carried out at 80°C using a 10% excess of amine. This method provided high yields of amides 9 and appeared to be suitable for application to solution-phase parallel synthesis methods.
Using this method the combinatorial library of 108 amides of 3- 
Conclusions
Two alternative approaches for synthesis of 3- 
Experimental
General
The melting points were measured with a Buchi В-520 melting point apparatus and are not corrected. IR spectra were recorded on Specord M80 spectrometers in KBr.
1 H-NMR spectra were recorded on Varian WXR-400 (200 MHz) and Bruker DRX-500 (500 MHz) spectrometers in DMSO-D 6 or CDCl 3 using TMS as an internal standard (chemical shifts are reported in ppm). 3-(ω-Bromacetyl)-R 1 -coumarins 1{1-5} were prepared according to a reported method [23] .
3-(2-Amino-1,3-thiazol-4-yl)coumarin (3{1})
. Thiourea (2, 0.38 g, 5 mmol) was added to the solution of 3-(ω-bromacetyl)coumarin (1, 1.34 g, 5 mmol) in boiling ethanol (20 mL). The mixture was refluxed for 1 hour, then cooled and neutralized with aqueous ammonia. The precipitate was filtered off, washed with ethanol and used directly without crystallization or other purification. Yield 84%, m.p. 225-226°C. (5) . Thiourea (2, 3.8 g, 50 mmol) and succinic anhydride (4, 5.0 g, 50 mmol) were well mixed, then this mixture was placed in a 25 mL roundbottomed flask equipped with a magnetic stirrer and heated in an oil bath at 150°C for 10 minutes; without any other additional solvent. Then the reaction mixture had cooled, the flask was broken and the resulting product was crystallized from 10 % acetic acid to form yellow crystals of the title compound. Yield 80%, m.p.210-211°С [24] .
3-Amino(thioxo)methylcarbamoylpropanoic acid
General method for synthesis of 3-[4-(R 1 -coumarin-3-yl)-1,3-thiazol-2-ylcarbamoyl]propanoic acids (6{1-5}).
Route i
A mixture of 3-(2-amino-1,3-thiazol-4-yl)coumarin (3{1}, 2.44 g, 10 mmol) and dihydrofuran-2,5-dione (4, 1.0 g, 10 mmol) was heated in benzene (25 mL) with the addition of glacial acetic acid (1.5 mL) (Method A) or in glacial acetic acid (30 mL) (Method B). The reaction mixture was refluxed for 2 -3 h and then cooled. The solid formed was filtered off, dried and recrystallized from dioxane. Yield 48%, m.p. 260-261°С.
Route ii
3-Amino(thioxo)methylcarbamoylpropanoic acid (5, 1.76 g, 10 mmol) was added to the solution of the corresponding 3-(ω-bromacetyl)-R 1 -coumarin 4 (10 mmol) in glacial acetic acid (30 mL) or ethanol (30 mL). The reaction mixture was heated under a condenser for 15 -20 minutes, then cooled and diluted with water. The precipitate formed was filtered off, washed with water and crystallized from glacial acetic acid. Yield 72%, m.p.=260-261°С.
3-[4-(R 1 -coumarin-3-yl)-1,3-thiazolyl-2-N-pyrrolidin-2,5-diones (7{1-4})
were prepared according to the reported method [26] . To a suspension of the corresponding 3-[4-(R 1 -coumarin-3-yl)-1,3-thiazolyl-2-N-pyrrolidin-2,5-dione 7 (10 mmol) in anhydrous dioxane (30 mL) an appropriate primary amine 8 (15 mmol) was added. The reaction mixture was refluxed for 1 -3 h. After cooling the mixture was poured into cold water (50 mL) to form a precipitate of the corresponding amide. Solids were filtered off and purified by crystallization from a DMF -ethanol mixture.
Synthesis of 3-[4-(R
Synthesis of 3-[4-(R 1 -coumarin-3-yl)-1,3-thiazol-2-ylcarbamoyl]propanoic acid amides 9{1-108} (Route ii)
A solution of 1,1'-carbonyldiimidazole (7, 27 mmol) in anhydrous dioxane (120 mL) was added to the stirred suspension of the corresponding 3-[4-(R 1 -coumarin-3-yl)-1,3-thiazol-2-ylcarbamoyl]-propanoic acid 6 (24 mmol) in anhydrous dioxane (240 mL) at 90°C. The mixture was stirred at reflux for 2 h, then the solution was cooled and dispensed into 24 combinatorial vials (15 mL per vial). The appropriate primary or secondary amine 8{1-24} (1.1 mmol) was then added to these aliquots by injection and the resulting mixtures were heated at 80°C for 12 hours. After cooling each portion was poured into cold water (50 mL) to form the precipitate of the corresponding amide. The solids separated were filtered off and purified by crystallization from a DMF -2-propanol mixture. 
